The sweetpotato whitefly, Bemisia tabaci (Gennadius) is the vector of the cassava mosaic geminiviruses (CMGs) that cause cassava mosaic disease (CMD). Synergistic interactions between B. tabaci and CMGs have been hypothesized as a cause of whitefly "super-abundance," which has been a key factor behind the spread of the severe CMD pandemic through East and Central Africa. The current study investigated this hypothesis by conducting experiments with CMD-susceptible cassava varieties infected with different CMGs in both the north-western Lake Zone region (pandemic affected) and the eastern Coast Zone where CMD is less severe. Male and female pairs of B. tabaci were placed in clip cages for 48 h on plants of three cassava varieties at each of the two locations. There were significantly more eggs laid on CMG-infected than on CMG-free plants in the Lake Zone, whereas in Coast Zone, there were no significant differences. There were no significant differences in proportions, mortality, and development duration of immature stages of B. tabaci among virus states and cassava variety in the two locations. The overall number of eggs was significantly higher with longer development duration of the immature stages in the Lake than in the Coast Zone, whereas mortality was significantly higher in the Coast than in the Lake Zone. Based on these results, it is concluded that there was no net positive synergistic interaction between CMGs and B. tabaci for either lowland coastal or mid-altitude inland populations. Consequently, other factors seem more likely to be the cause of the "super-abundance," and require further investigation.
The sweetpotato whitefly, Bemisia tabaci (Gennadius) (Hemiptera: Aleyrodidae), has been an important limiting factor in food and commercial crop production in large parts of the world for many years (Oliveira et al. 2001) . It transmits >111 virus species to plants, including cassava (Global Invasive Species Database 2013). Cassava, Manihot esculenta Crantz (Euphorbiaceae), is an important staple crop in much of sub-Saharan Africa (FAOSTAT 2017) . Bemisia tabaci is the vector of viruses causing the two most important diseases of cassava, namely cassava mosaic disease (CMD) caused by cassava mosaic geminiviruses (CMGs; Bock and Woods 1983, Fishpool and Burban 1994) and cassava brown streak disease (CBSD) caused by cassava brown streak viruses (CBSVs; Maruthi et al. 2005) . Byrne et al. (1990) described whiteflies as having a hemimetabolous type of metamorphosis, passing through four nymphal instars after the egg has hatched and before adult emergence. Bemisia females lay eggs on the undersides of upper leaves of host plants. The number of eggs laid by a female per day varies with temperature and suitability of the host plant, but a female can lay >8 eggs per day, and between 150 and 300 in a lifetime, depending on the food ingested during adulthood (Gerling et al. 1986 , Perring 2004 . Bemisia tabaci has four larval instars, and the final part of the fourth instar is often referred to as the red-eyed nymph or pupa, as the developing structures of the adult insect can be seen inside the integument.
The development duration of the immature stages of B. tabaci on cassava was first reported from Nigeria by Golding (1936) , who recorded the development duration of the insect from egg to adult as being between 4 and 5 wk. Chant (1958) reported 12 d in glasshouse conditions and Leuschner (1978) reported 17 d at 26 C in Nigeria.
In Ivory Coast, Fishpool et al. (1995) reported this duration to be 21 d at maximum and minimum temperatures of 31.5 C and 23.6 C, respectively. Various development durations have been reported, depending on the crop host and temperature (Husain and Trehan 1933 , Pruthi and Samuel 1942 , Khalifa and El-Khidir 1964 , Azab et al. 1971 , Basu 1995 , Martin 1999 . In general, durations are shorter at higher temperatures, although Gerling et al. (1986) observed sharp declines at temperatures >33 C. Perring (2004) summarized the development duration of B. tabaci at 25 C as follows: eggs hatch in 6-7 d, first instars moult to second instars in 2-3 d, the stadia of second and third nymphal instars each take about 2-3 d, and the fourth instar lasts for 5-6 d. Legg (1995) reported B. tabaci development duration on field-grown cassava to be 27-39 d under average maximum and minimum temperatures of 28.5 C and 16.0 C and a mean of 33.3 d in clip cage experiments in Uganda.
Several studies have reported positive and negative influences of plant pathogenic viruses on B. tabaci. Costa et al. (1991) reported higher egg survival to adulthood of B. tabaci on pumpkin plants infected with Watermelon curly mottle strain squash leaf curl virus (WCMoV/SLCV) than on healthy plants, but this parameter was lower on zucchini plants infected with the same virus, tomato infected with Chino del tomate virus, and cotton infected with Cotton leaf crumple virus than on the noninfected plants. Maluta et al. (2014) reported an accelerated development and male longevity of B. tabaci "biotype Q" on Tomato yellow leaf curl virus (TYLCV)infected plants when compared with noninfected plants. Male and female whiteflies were reported to have shorter longevity on plants infected with Cotton leaf curl virus (CLCuV) than on healthy plants (Nogia et al. 2014) . Experiments on pepper plants showed that Tomato spotted wilt virus (TSWV) infection reduces B. tabaci fecundity and longevity, and increased developmental time, but with no effect on the insect's survival or female body lengths (Pang et al. 2013) . Shi et al. (2014) reported that interactions between TYLCV and B. tabaci on tomato plants increase vector fitness and virus transmission by reducing plant defense. Jiu et al. (2007) reported increased fecundity and longevity of B. tabaci "biotype B" when fed on tobacco plants infected by either Tobacco curly shoot virus (TbCSV) or Tomato yellow leaf curl China virus (TYLCCNV), with population density on TbCSV-and TYLCCNV-infected plants reaching between 2 and 13 times that on healthy plants, respectively, in 56 d.
The outbreak of a pandemic of unusually severe CMD was first reported from Uganda in the late 1980s, and was associated with the emergence and spread of a virulent recombinant CMG, East African cassava mosaic virus-Uganda (EACMV-UG; Zhou et al. 1997) , and super-abundant populations (unusually higher than before the outbreak) of cassava-colonizing B. tabaci (Legg and Ogwal 1998) . More recently, CBSD also has begun to spread in midaltitude regions of East and Central Africa (Alicai et al. 2007) , areas that were previously considered to be unfavourable for spread of CBSVs. Super-abundant whitefly populations have been implicated as the main biological factor driving expansion of both CMD and CBSD pandemics (Legg et al. 2011) . Both whitefly-virus synergism (Colvin et al. 2006 ) and the occurrence of distinct pandemicassociated genotypes (Legg et al. 2002 have been proposed as possible causal factors for super-abundance, but the reason for this change remains to be fully elucidated. The current study aimed to clarify this question through examining the effect of CMG infection on B. tabaci population biology in both CMD pandemic affected and nonpandemic areas. In addition to answering scientific questions, it was anticipated that knowledge obtained from these studies would contribute to the development of effective and broad-acting control packages for B. tabaci. Increases in cassava production obtained through the application of whitefly management strategies may contribute directly to improving food security in Tanzania and the wider cassava-growing environments of sub-Saharan Africa.
Materials and Methods

Study Area
This study was carried out in screen houses at two locations: one in an area affected by the CMD pandemic in the Lake (Victoria) Zone of north-western Tanzania, and the other in the Coast Zone of eastern Tanzania-a region not yet affected by the pandemic, as described in detail in several reviews Legg 1999; Legg et al. 2006 Legg et al. , 2011 . The Lake Zone research site was at the Ukiriguru Agricultural Research Institute (ARI-Ukiriguru), Mwanza (ca. 1,200 m.a.s.l.), while the Coast Zone site was at the Sugarcane Research Institute (SRI), Kibaha (ca. 150 m.a.s.l.). Experiments were run from March to June, 2011. The average maximum and minimum temperatures recorded in this study were lower in the Lake Zone (33.1 C and 15.8 C, respectively) than in the Coast Zone (36.6 C and 19.8 C, respectively).
Establishment of Test Plants
Three CMD-susceptible local cassava varieties were used at each station. The varieties selected were Liongo, Mwaya, and Mwasunga at ARI-Ukiriguru, and Mfaransa, Namikonga, and Nanchinyaya at SRI Kibaha. Different cassava varieties in the two zones had to be used to respect the quarantine put in place to restrict movement of cassava planting materials between the CMD-pandemic and CMDnonpandemic areas in the country. CMG-free (H) test plants of these varieties were established in a screen house. Planting materials were obtained through selection of CMD-symptomless plants from the field, and virus absence was confirmed with PCR (Briddon and Markham 1994) . A single cutting was planted in 4-liter pots with a growing medium consisting of forest soil and coarse sand in a 1:1 ratio (Moinereau et al. 1987) . Twelve cuttings of each cassava variety were planted. One week after sprouting, a further PCR test was conducted on samples collected from each individual test plant to reconfirm the absence of CMGs. At one month after planting, the four most robust-looking plants (the tallest stem at about 20-30 cm in height) from each variety were selected for experimentation.
CMG-infected test plants were established in separate screen house compartments in the same way as above, but planting materials were obtained from CMD-symptomatic plants in the field. When collecting CMD-infected cuttings, a leaf sample was collected from each parent stem and tested using PCR-based diagnostics with RFLP, following the methods of Sseruwagi et al. (2004) and Briddon and Markham (1994) . One week after sprouting, leaf portions were sampled to reconfirm the virus species and strain present. Virus infections used in the Lake Zone were EACMV, EACMV-UG, and mixed EACMV and EACMV-UG. In the Coast Zone, only EACMV-infected plants were used, as EACMV-UG was not present in coastal Tanzania (Ndunguru et al. 2005) . Four plants with typical CMD symptoms were selected for each combination of variety and virus infection status in each region.
Collection and Introduction of B. tabaci on Test Plants and Data Collection
Adult B. tabaci were collected from 3-mo-old cassava plants in the field using an aspirator. A mating pair of B. tabaci on the source plant leaf was selected by choosing whiteflies paired parallel on the leaf (Li et al. 1989 , Byrne and Bellows 1991 , Perring and Symmes 2006 . The male and female pairs are apparent, as the female is slightly larger than the male (Li et al. 1989 , Basu 1995 . Bemisia tabaci characteristically holds its wings in an inverted "V-shape" ("tent-like" position) when at rest. This characteristic was used to distinguish it from Bemisia afer (Priesner & Hosny), which also colonizes cassava but which holds its wings approximately flat over the body when resting (Martin 1999 , Flint 2002 Buxton 2005) . The whiteflies were held for 20-30 min from the time they were collected from the source plants to the time they were introduced onto the test plants. Age and infection status of the whiteflies used in this experiment were not accounted for before and after they were placed on the test plants.
A male and female pair of the whiteflies were introduced to clip cages and placed on the undersides of leaves of test plants. Four clip cages were fixed on each test plant on a lobe of the four top fullyopened leaves, as whiteflies are reported to prefer laying eggs on these leaves to the bottom older ones (Legg 1995) . In a small number of cases where a test plant had more than one stem, the clip cages were distributed on several stems (always among the four top fully-opened leaves). The main purpose was to get the four clip cages on a single plant and on leaves of a similar growth stage. In addition, for the CMD-infected plants, clip cages were fixed on lobes with disease symptoms, as some of the leaves and lobes did not show disease symptoms, which is a common phenomenon in cassava. The four clip cages represented four replicates per variety per virus infection treatment. Forty-eight clip cages were used in the Lake Zone and 24 in the Coast Zone. Clip cages were placed on test plant leaves for 48 h, after which the clip cages with whiteflies were removed, and the eggs laid were counted using a 20Â hand lens. Daily records (between 08.00 and 10.00 hrs) of the stage and number of all immature whitefly stages for all test plants were taken.
Using the hand lens, development of each individual egg and nymph was followed by counting and noting a change from one stage to another, marked by a moult and increase in size and features. To do this, the leaf was gently turned over and examined (Li et al. 1989) . A sudden increase in both the length and width of a given instar indicated that a moult had occurred, as whitefly nymphs do not grow in length or width during a given instar (stage) before moulting (Hargreaves 1915) . Distinction of the immature stages of the insect was further conducted according to Gill (1990) and Gelman et al. (2002a Gelman et al. ( , 2002b . Adult emergence was noted by either observing the emergence taking place during assessment or by finding a pupal case at the position where there was a "pupa" during the previous assessment. All pupal cases already accounted for were carefully removed from the leaf using a tip of a needle. Although there was no such encounter, attention was paid during nymph assessment right from the beginning to the end of the experiments to distinguish B. tabaci nymphs from B. afer nymphs in case an adult was mistakenly collected from the field.
Genotypes of the B. tabaci Used in the Two Zones
According to Tajebe et al. (2014) , B. tabaci genotype, sub-Saharan Africa 1 subgroup 1 (SSA1-SG1), is the predominant genotype in the north-western part of Tanzania which has been affected by the CMD-pandemic ). Sub-Saharan Africa 1 subgroups 2 and 3 (SSA1-SG2 and SSA1-SG3) are found in central and eastern parts of Tanzania not yet affected by the CMD pandemic , Tajebe et al. 2014 ). Sub-Saharan Africa 1 subgroup 3 (SSA1-SG3) is the only genotype occurring on cassava in the Coast Zone of Tanzania. Several studies have reported the association of SSA1-SG1 and SSA2 with the spread of the pandemic of unusually severe CMD which started in Uganda in the 1990s and rapidly spread to other parts of East and Central Africa (Legg et al. 2002 , Mugerwa et al. 2012 , Tajebe et al 2014 . However, none of these studies looked directly into vector competency differences among the genotypes in transmitting CMGs. This is an area that needs further research.
Data Analysis
The data collected were used to determine development duration and mortality of immature stages of B. tabaci. Screen house temperatures were recorded with a maximum and minimum thermometer throughout the experiment duration (Supplemental information 1 [online only]). The data from the different observations within each zone were compared using two-way ANOVA, and means were separated using the Holm-Sidak method to identify pairs of factors that were significantly different at overall probability of 0.05 (SigmaPlot 11.0, Systat Software Inc., San Jose, CA, USA). Analyzed parameters included number of eggs laid per female; proportion of first to fourth instars, pupa and adults emerged in relation to initial number of eggs; and development duration and percentage mortality of each young life stage. The data for these parameters were transformed using the Arcsine square root function prior to running ANOVA. The three parameters for EACMV and CMG-free (which were commonly found in both zones) data were then compared between the two zones using the t-test (Mann-Whitney Rank Sum Test) for initial number of eggs and proportions of the stages, and one-way ANOVA for mortality and development duration. The three different cassava varieties used in each zone and the virus-infection status (four in the Lake Zone and two in the Coast Zone) were regarded as treatments.
Results
Effect of Virus Infection on Oviposition by Adults, Proportion and Mortality of Resulting Nymphal Stages of B. tabaci
There were significantly more eggs laid on CMG-infected plants than on healthy plants in the Lake Zone (F ¼ 6.29; df ¼ 3; P ¼ 0.028). Mean separation tests revealed that, of the three pairs compared (EACMV vs. CMG-free, EACMV-UG vs. CMG-free, and EACMV þ EACMV-UG vs. CMG-free), a significant difference was only recorded for the comparison between CMG-free and the mixed infection treatment (t ¼ 4.34; difference in means (dm) ¼ 58.3; P ¼ 0.005). A similar pattern was recorded in the Coast Zone, although there were no significant differences in number of eggs laid between CMG-infected and CMG-free plants (F ¼ 3.00; df ¼ 1; P ¼ 0.225). There were no significant differences between varieties in the number of eggs laid by B. tabaci for either the Lake or Coast Zones (Lake:
. Egg numbers laid on the three varieties infected with EACMV, EACMV-UG, and mixed EACMV and EACMV-UG in the Lake Zone ranged from 7.3 6 1.7 for CMG-free Liongo to 28.8 6 6.6 for dual infected Mwasunga (EACMV-UG þ EACMV). For the latter, the mean number of eggs was slightly greater than three times the number recorded on CMG-free plants of the same variety (Table 1 ). In the Coast Zone, the number of eggs laid on the three varieties infected with EACMV ranged from 6.8 6 1.3 for CMG-free Namikonga to 21.3 6 10.1 for EACMV-infected plants of the same variety ( Table 2 ).
The differences in the proportion of immatures and the resulting adults of B. tabaci to the initial number of eggs on each of the three cassava varieties in the four virus states in the Lake Zone (EACMV, EACMV-UG, EACMV þ EACMV-UG, and CMG-free; Table 1) were significantly different with regard to varieties for first instars (F ¼ 11.78; df ¼ 2; P ¼ <0.001) and second instars (F ¼ 11.46; df ¼ 2; P ¼ <0.001). Mean separation at a probability level of 0.05 revealed the following pairs to be significantly different: Mwasunga versus Liongo (t ¼ 4.73; dm ¼ 48.4; P ¼ <0.001) and Mwaya versus Liongo (t ¼ 3.29; dm ¼ 33.7; P ¼ 0.002) for first instars, and Mwasunga versus Liongo (t ¼ 4.72; dm ¼ 48.0; P ¼ <0.001) and Mwaya versus Liongo (t ¼ 3.06; dm ¼ 31.1; P ¼ 0.004) for second instars. By contrast, Mwasunga versus Mwaya were not significantly different for first and second instars (t ¼ 1.44; dm ¼ 14.7; P ¼ 0.158 and t ¼ 1.66; dm ¼ 16.9; P ¼ 0.105, respectively). The proportions for the other stages were not significantly different for either variety or CMG-infection state (Supplemental Information 3 [online only]). The interactions between CMG-infection state and variety did not give significant differences in the proportions of any of the stages (first instars: F ¼ 0.91; df ¼ 6; P ¼ 0.501, second instars:
Proportions of immatures and the resulting adults in the Coast Zone (with EACMV and CMG-free) were not significantly different between varieties, CMG-infection state and interaction between the two except third and fourth instars where the two factors interacted.
Their statistical measures in respective order are as follows:
Separation of means for the significant differences in the proportions of third instars where CMG-infection state interacted with cassava variety showed the following pairs to be significantly different: Mfaransa versus Nanchinyaya and Namikonga versus Nanchinyaya in EACMV (t ¼ 2.94; dm ¼ 0.701; P ¼ 0.009 and t ¼ 2.82; dm ¼ 0.674; P ¼ 0.025, respectively). Mfaransa versus Namikonga in EACMV was not significantly different (t ¼ 0.11; dm ¼ 0.027; P ¼ 0.910). The interaction of variety with the CMG-free treatment was not significantly different. For the interaction of CMG infection with variety in the Coast Zone, CMG-free state versus EACMV within Nanchinyaya was significantly different (t ¼ 2.59; dm ¼ 0.82; P ¼ 0.018), whereas within Mfaransa and Namikonga, there were no significant differences (Supplemental Informtion 3 [online only]). Comparing the two sites, proportions of first instars, second instars, pupa and adults were significantly higher in the Lake Zone than in the Coast Zone (T ¼ 691; n [small and big] ¼ 24; P ¼ 0.021, T ¼ 712; n [small and big] ¼ 24; P ¼ 0.008, T ¼ 688; n [small and big] ¼ 24; P ¼ 0.040 and T ¼ 752; n [small and big] ¼ 24; P < 0.001, respectively; Table 3 ). However, initial number of eggs and proportions of third and fourth instars were not significantly different between the two sites (T ¼ 571; n [small and big] ¼ 24; P ¼ 0.741, T ¼ 680; n [small and big] ¼ 24; P ¼ 0.055 and T ¼ 646; n [small and big] ¼ 24; P ¼ 0.235, respectively; Table 3 ).
Mortality of immature stages did not vary significantly among all varieties and states of infection within the zones except for eggs among varieties (F ¼ 11.8; df ¼ 2; P < 0.001) in the Lake Zone, where mortality was higher on Mwasunga followed by Mwaya and Liongo. However, mortality of immatures was significantly higher in the Coast Zone than in the Lake Zone (F ¼ 9.7; df ¼ 1; P ¼ 0.036; Tables 4 and 5).
Effect of Virus Infection on Development Duration of Nymphal Stages of B. tabaci
Development durations did not differ significantly in many of the immature stages for either variety or virus-infection treatments within each of the Zones, except for the first instar in the Lake Zone where variety interacted with virus-infection status. In this case, all pairwise multiple comparison revealed the following pairs as significantly different (Supplemental Information 2 [online only]): varieties-Mwaya versus Liongo (dm ¼ 0.74; t ¼ 2.53) and Liongo versus Mwaya (dm ¼ 0.80; t ¼ 2.54), virus-infection status-EACMV-UG versus H (dm ¼ 1.09; t ¼ 3.71) and EACMV versus H (dm ¼ 0.87; t ¼ 2.97). However, development durations were significantly shorter in the Coastal than in the Lake Zone (F ¼ 160.0; df ¼ 1; P < 0.001). Overall, the development duration (in days) from egg to adult on the three cassava varieties (both infected and noninfected) in the Lake Zone ranged from 25.3 6 0.4 to 27.1 6 0.3, whereas in the Coast Zone, it ranged from 21.2 6 0.4 to 24.6 6 0.5 (Table 6 ). Furthermore, the duration for each life stage on the three varieties (both infected and noninfected) ranged from ca 8 to 10 d for eggs, 4-5 d for first instars, 2-3 d for second instars, 3-4 d for third instars, 2-3 d for fourth instars, and 3-4 d for "pupae" (Table 6 ).
In the Coast Zone, the average duration (days) from egg to adult ranged from 21.2 6 0.4 (Nanchinyaya) to 24.3 6 0.4 (Mfaransa) for EACMV-infected plants, whereas for plants that were CMG-free, the range was from 22.4 6 0.7 (Namikonga) to 24.6 6 0.5 (Nanchinyaya; Table 7 ). For each individual immature stage, development durations on the three varieties in the two virus states in the Coast Zone ranged from ca 6-7 d for eggs, 3-4 d for first instars, 2-3 d for second instars, 4 d for third instars, 2-4 d for fourth instars, and 2-3 d for "pupae" (Table 7) .
Discussion
Screen house-based studies of B. tabaci were conducted in two regions of Tanzania, in order to determine how cassava variety and virus infection status influence the bionomics of this insect vector of Bemisia tabaci laid significantly more eggs on CMG-infected plants than on healthy plants in the Lake Zone. A similar tendency was observed in the Coast Zone, but there were no significant differences in the number of eggs laid between CMG-infected and healthy plants. There were no significant differences between varieties in number of eggs laid by B. tabaci in either the Lake or Coast Zones. The null hypothesis that B. tabaci females lay similar numbers of eggs irrespective of cassava variety and viral infection state is partially rejected with respect to virus infection state and is supported with respect to cassava varieties.
Previous studies on relative abundance of B. tabaci on CMGinfected vs. healthy plants have drawn contrasting conclusions: Otim et al. (2006) observed an apparent preference for infected plants, whereas Adriko et al. (2011) observed greater B. tabaci abundance on uninfected plants. Our study suggests that CMG infection status is unlikely to be a key factor in determining the patterns of B. tabaci population development on cassava. This is an important finding, as it has been suggested elsewhere that B. tabaci populations are strongly boosted on cassava plants infected with CMGs (Colvin et al. 2006) . Factors other than CMG infection status may also influence whitefly response to cassava plants such as: the age of the insect, its own virus infection status, the titer of virus in different leaves, as well as temperature and the growth condition of the plants. These questions are of potential interest for future studies. Although preliminary genetic analysis highlights the difference in populations of B. tabaci colonizing cassava in the Lake and Coast Zones of Tanzania (Tajebe et al. 2014) , further studies are required to determine the biological significance of these genetic differences.
For other crop-virus-vector pathosystems, it has been shown that the condition of the vector (viruliferous or not) has an important bearing on settling behavior. Thus, Fang et al. (2013) noted that TYLCV-free B. tabaci "biotype Q" preferred to settle on TYLCVinfected tomato plants over healthy ones but TYLCV-free B. tabaci "biotype B" behaved oppositely whereas TYLCV-infected B. tabaci, either B or Q, did not exhibit a preference between TYLCV-infected and TYLCV-free tomato plants. In further studies, it would be valuable to make similar sorts of comparisons with respect to host choice for the cassava system. In the Lake Zone, proportions of first and second instars (relative to the initial number of eggs) were significantly different between cassava varieties and virus infection state whereas proportions of third, fourth instars, pupa and resulting adults were not significantly different In the Coast Zone, none of these proportions were significantly different when considering CMG-infection status and variety, although there was a significant interaction between them; proportions of third and fourth instars were significantly different for EACMV-infected plants but not significant for CMG-free plants. These observations suggest that in the Lake Zone, first and second instars are influenced by CMG-infection state and variety while the rest of the immatures are not, whereas in the Coast Zone third and fourth instars (and not the other immature stages) are influenced differently for variety and CMG-infection combinations. Additional studies may be needed to validate the selective influence of CMGs and cassava varieties on some of immature stages of B. tabaci observed in this study.
In the experiments reported here, it seemed that mortality of the insect was influenced more by abiotic factors, as reported by Horowitz (1986) . According to Horowitz (1986) , the extremes of humidity, both low and high, are principle factors for mortality. It is possible that the lower overall mortality of B. tabaci immature stages on cassava in the Lake compared with the Coast Zone is a consequence of climatic differences between the two zones. The contrasting environmental conditions under which the experiments of the current study were conducted are such that it is not possible to exclude an environmental factor as the cause for differences in mortality. Most notably, temperatures are significantly higher in lowland coastal parts of Tanzania than they are in the mid-altitude interior (>1,000 m.a.s.l). Several causes of immature mortality have been reported, such as egg unviability, desiccation, host-plant effects, weather (mainly temperature and humidity), and unknown causes of death, as well as predators, parasitoids, pathogens, wind, rainfall and insecticide use (Legg 1995 , Naranjo and Ellsworth 2005 , Asiimwe et al. 2007 ). Most of these factors were excluded from this study because the trials were carried out under protected screen house conditions where parasites, predators and parasitoids were excluded. It was evident during the course of the study that no nymph was found to have been predated or parasitized, either in the Lake Zone or in the Coast Zone. Moreover, the screening effect of the 50mm net surrounding the screen house meant that the effects of wind and direct rainfall damage were minimized. Bemisia tabaci genotype SSA1-SG1, which predominates in the Lake Zone is known to differ from the genotype occurring in the Coast (SSA1-SG3; Tajebe et al. 2014) , and is typically more abundant in field situations (Jeremiah et al. 2015) . Although it is known that SSA1-SG1 predominates in the part of the Lake Zone where the study was conducted, and SSA1-SG3 is the only genotype known to colonize cassava in the Coast Zone, more detailed genetic characterization, using genome-wide sequencing methods, would provide a clearer indication of the degree of homogeneity or otherwise of the populations of B. tabaci occurring on cassava in the two regions of Tanzania considered in this study.
The more rapid development of B. tabaci under the higher temperature conditions of the coast was anticipated and was consistent with existing data on effect of temperature on B. tabaci developmental duration (Leuschner 1978 , Gerling et al. 1986 , Fishpool et al. 1995 .
Mean development duration in the Lake Zone was high, whereas in the Coast Zone it was low. When comparing these means with previously published values, it was evident that development duration of B. tabaci from egg to adult in this study was longer in both zones than those obtained on cassava in Nigeria by Leuschner (1978) and Chant (1958) . When compared with values reported by Fishpool et al. (1995) in Ivory Coast, development duration of B. tabaci from egg to adult in this study also was longer by 4.4 d with respect to the Lake Zone, and by 0.2 d with respect to the Coast Zone. However, development durations reported here for Tanzania were less than the estimated 33.3 d reported for Kampala in Uganda, where temperatures were lower (Legg 1995) .
From this study, the range of development durations for each immature life stage observed in both Lake and Coast Zones for plants of each cassava variety infected or not infected with CMGs was generally higher than those recorded for other crop systems (Basu 1995 , Gerling et al. 1986 , Pruthi and Samuel 1942 . It is noteworthy that all development durations for eggs reported in this study are longer than values reported by Pruthi and Samuel (1942) in summer, and almost similar to those obtained in winter (December). Although it might have been anticipated that higher temperatures reported in this study would have led to more rapid development of immature stages, the body of development duration data for B. tabaci on cassava suggests that there is generally slower development on cassava than other host plants. This phenomenon could be linked to the presence of cyanogenic glucosides in cassava leaves (Dengel 1981 , Ngudi et al. 2003 . It is significant that although B. tabaci is widespread on a wide range of host plants in South America, it does not occur naturally on cassava (Carabali et al. 2010 ).
Conclusions and Recommendations
Overall survival of the immature stages of B. tabaci was higher in the Lake Zone than in the Coast Zone. Development duration of B. tabaci immature stages was similar for different treatments within the two experimental sites, but it was shorter in the Coast than in the Lake Zone, almost certainly because of temperatures which were higher in the Coast Zone (36.6 C/19.8 C) than in the Lake Zone (33.1 C/15.8 C). The significantly higher overall number of eggs laid and lower rates of mortality of immature stages in the Lake Zone than in the Coast Zone may probably suggest that B. tabaci occurring in the CMD-pandemic affected Lake Zone area (SSA1-SG1; Tajebe et al 2014) are better adapted to cassava than B. tabaci occurring in the coastal parts of the country (SSA1-SG3; Tajebe et al 2014) . However, as environmental conditions, B. tabaci genotype, virus infection status of B. tabaci, CMGs and interactions among them may all be different (Colvin 2012 ,Gilbertson et al 2015 , a comparison considering all these factors is recommended to strengthen support for this conclusion. Divergent effects of CMG infection on B. tabaci oviposition, mortality, and development duration suggest that virus infection is unlikely to be the primary factor driving B. tabaci super-abundance in the Great Lakes region of East Africa (of which the Lake Zone of Tanzania is a part). In the Lake Zone, B. tabaci laid significantly more eggs on CMG-infected than on CMG-free plants, although after hatching immatures behaved similarly to those of the Coast Zone where there were no significant differences in egg number or immatures between the two plant categories. Based on these results, there was no net positive synergistic interaction between CMGs and B. tabaci for either lowland coastal or mid-altitude inland populations. Consequently and as discussed, other factors seem more likely to be the cause of whitefly "superabundance" and require further investigation.
